Introduction
Knowledge and interest concerning the interstitial cells of the nervous system have, until relatively recently, been overshadowed by the selective and academically rewarding approach of neurophysiology, penetrating deeply into the dynamic activity of neurone, axon and synapse but ignoring the existence of the neuroglia, which even today is barely mentioned in standard physiological textbooks. A concept of the nervous system so restricted fails to meet the needs of neurologist or neuropathologist, as it is not a faithful reflection of the nervous system, normal or diseased, that nature offers for observation.
The interstitial cells of the brain were first adequately described by Virchow (c. 1856) who invented the term 'neuroglia' or 'nerve glue'. Further understanding of these cells awaited the development of selective histological techniques and in c. 1890 Golgi and also Weigert described glial fibres. The metallic-impregnation methods introduced by Cajal at the turn of the nineteenth century clearly revealed the complexity of astrocytic ramifications and their close relationship with neurones and blood vessels, and with pial and ventricular surfaces. Cajal recognized different varieties of astrocytes and distinguished them from a large group of smaller cells that he termed the 'third element'; almost twenty years later Cajal's pupil Hortega discovered that the 'third element' comprised two categories of cells and made the prescient suggestion that they were functionally different. Hortega distinguished a subgroup with few processes that he termed 'oligodendroglia' and another subgroup of even smaller cells that he termed 'microglia'. Hortega postulated that the oligodendroglia produced myelin and that the microglia were the neural equivalent of the system of cells in other tissues that transformed into phagocytes when the need arose. This symposium will reveal the veracity of these pronouncements.
The first account of the nerve fibre is usually credited to Fontana (1787) and in the 1830s, with the arrival of the compound achromatic microscope, Remak discovered the peripheral myelin sheath. The Schwann cell was, in fact, the first interstitial cell to be recognized in the nervous system. In the 1830s, Schwann (who at about the same period was elaborating the cell theory with his friend Schleiden, the botanist) discovered the nucleated sheath or membrane that surrounds the peripheral myelin. Ten years later Ranvier, working on isolated nerve fibres immersed in silver nitrate, described the nodal constriction separating the Schwann cells that bears his name and was also the discoverer of the perineurium. The fundamental discoveries in the 1850s of Waller (Professor of Physiology in Birmingham from 1858 to 1860) on sequential degeneration of transected peripheral (cranial) nerves, paved the way for the acceptance of the 'neurone doctrine' and since then there has been continuing interest in the role of the Schwann cell in degeneration and regeneration, on the relationship between Schwann cells and fibroblasts, and on the possible production of collagen by the Schwann cells.
As for the function of interstitial cells, there is every indication that the neuroglia represents a dynamic functional system and is not the static supporting stroma gluing neurones together, which was the view of those who first studied it in the mid-nineteenth century. Cajal later suggested that neuroglia insulated neurones from each other. Much more recently evidence suggests that astrocytes take up potassium ions released from active neurones, so buffering the extracellular space from increases in potassium, which might depolarize neurones or nerve terminals. They have also been implicated in CO and H-ion regulation, in fluid transport, in the mechanism of the 'blood-brain barrier', in the inactivation or the formation ofneuro-transmitters, and in the supply of energy-rich compounds (such as polymerized RNA and amino acids) to neurones. The role of astrocytes in maintaining the neuronal environment in a steady state now seems inescapable.
There is good evidence that the interfascicular oligodendrocytes are responsible for making and maintaining myelin in the CNS, though the function of the group of oligodendrocytes that are arranged as perineuronal satellites remains obscure. Like the normal Schwann cell, the peripheral equivalent that produces the peripheral-nerve myelin, the normal oligodendrocyte shows no propensity for division.
As for the microglia, these cells act as phagocytes in pathological states, though there is little indication that they have a function in the normal brain; because of the absence of regional lymph nodes and lymphatics from the CNS, microglia may turn out to have an as yet undefined immunological role, distinct from conventional phagocytosis.
It is clear that the interstitial cells participate in a wide range of normal activities and it is, in particular, the effect of disease on these normal activities that will be considered. Just as there are indications of intercellular regulatory and feedback systems between normal neurones and normal interstitial cells, so also there is an interrelationship between their normal and pathological reactions: knowledge of the normal can be amplified by study of the abnormal and vice versa.
Glial Reactions to Cerebral Injury In recent years, research interest has centred on the cell kinetics of the reactive supporting elements in damaged nervous tissue rather than on those eventsremoval of myelin and other cellular debris, vascular proliferation and fibrous gliosiswhich produce the healed, end-stage lesion. To a certain extent, these pathological cell kinetics can be related to normal cytogenesis, and a review of current ideas of cellular reactions to brain damage should consider the biology of the major glial cell types.
Microgliapart of the mesodermal 'third element' of Cajalwere separated from oligodendroglia by del Rio Hortega, who worked out their origin and distribution within the brain using metallic impregnation techniques. Hortega believed that they arose at the end of fetal life from blood-borne 'lymphocytoid' cells whose staining characteristics changed on entry into the central nervous system. Entry occurred predominantly through the choroid plexuses and basal leptomeninges.
Autoradiographic and electron microscope evidence suggests that a number of cells continue to follow this pathway in adult life. Thus, after injecting labelled marrow cells from one closely inbred animal into the blood stream of another, labelled microglia-like nuclei are found in the brain, sometimes beneath the cerebral meninges but more often beneath the ependymal lining of the ventricular system. Dividing cells with features of microglia are well recognized in this subependymal zone, while similar cellssome synthesizing DNA -can be seen lying on the ependyma, and both on and within the choroid plexus. In the latter site, these cells (Kolmer cells) have ultrastructural features of macrophages and appear to come from the blood.
It seems possible, therefore, that blood-borne mononuclear cells may enter the brain through the choroid plexuses, begin to synthesize DNA in their new environment, divide in or near the ventricular lining, and then migrate into the brain parenchyma. With autoradiography, it seems that a sizeable proportion of such cells leaves the brainthrough blood vesselswithin two weeks, though there is evidence that some remain for much longer. Though circulating monocytes are normally nonproliferative, whether or not they synthesize DNA is determined by their environment, and a possible counterpart to this system is found in the lung.
The reactions of microglia have been well studied both in response to the chemical change occurring in motor neurones after nerve transection and after the production of gross traumatic lesions. Changes in cell populations seen under these conditions can be related to physiological events, for control data from these experiments suggest that dividingor DNA synthesizingmicroglia are present in the normal adult brain and are renewed, persisting for a period of weeks. After production of a lesion, various observations indicate entry of monocytes from the blood in the first three days, as well as increased proliferation of in situ elements, and the number of reactive cells falls in the ensuing two to three weeks.
The reactions of other cell types can be considered briefly. Oligodendrocytes do not synthe-
